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³­ ¹h:[?8KLEGAh;@EGA ·EGFM;@EGAm8F*=@AhX·m8YIbcFd=@e@efEGA0UW?8KLEGD@FMEGA=@Ah; ;@EGFMEGA 9ﬂ:<;>=@?8AºDfEwXMr0q ±Ydm8KLEGA/6>TPUWDﬀEGmÀ·EGF

;@EGACm8FJUWDodEGYdvwY=@A4YMEGFcEGm8AhEGFcbcFd=@e@eﬀEPXdYMEGYMXIEGm8AhEOEGAh;>?8myrhE|bcFd=@e@eﬀEPZLEGFMXdYMEGhEGA/60HJ=!LEGFM;@EG XrEGm myEPm8
ZL:[Fdm8KLEGA OUWe@m8YMEG?
F
myEw;@EGFOEGm8A J[FdeﬀEGF_6 ³­XMY\A%=@A
G
EGm8AhEbcFd=@e@efE7sﬀXM:ºmyXdYP;>myE
 ,BH #01ﬀ .1C
ZL:[A
G
B@DﬀEGF
F
;@E ÁhA@myEGFdYcUW?yX
FG := F [G] :=
∑
g∈G
αgg|αg ∈ F
¡B@FJUW?8?yE
g ∈ G
 .
TcmyEwXMEVmyXdYm8YJ;@EGA

efEGFrUWYdmy:[AhEGA
∑
g∈G
αgg
+
∑
g∈G
βgg
 := ∑
g∈G
(αg + βg)g,∑
g∈G
αgg
 ·(∑
h∈G
βhh
)
:=
∑
g,h∈G
αgβhgh,
β ·
∑
g∈G
αgg :=
∑
g∈G
(βαg)g
¡B@F
β ∈ F
YrUWYMXrq[M@?8myrEGm8AhE
F 
H\?8KLEGD@FrU>s =@Ah;;>myE?yEGEGA%YMEZL:[A
G
D@m8?y;@EGA A0U[r TVE ÁhA@m8Ydmy:[A EGm8AhE
F 
U[XdmyX ZL:[A
FG
6B EGm8YMEGF?yEGKLEGAm8Fm8AC;>myEwXMEG À=hXrUWEGA@0UWA@KAh:<MCEGm8A@m8KLEQ\:[YrUWYdmy:[AhEGAEwXdY_6>uXIXrEGmyEGA
UWDodEGYdvwY
•
%<?
p(G)
¡B@FIEGm8AhEOnFdm8vUW@?
p
;>myEO9ﬂEGA@KLEOUW?8?yEGF
p 
%%?y:K7Fd=@e@efEGAﬂZL:[A
G
s
•
*?
(G)
;>myEO9ﬂEGA@KLEOUW?8?yEGF\J:[A[o¼=@K4UWYdmy:[AhXdp%?lU[XrXMEGAZL:[A
G
s
• X+ :=
∑
x∈X x
¡B@FodEw;@E

EGm8?8EGA@KLE
X
ZL:[A
G
s
• Z(FG)
;hU[X fEGA4YdFd=@ ZL:[A
FG
s%¡B@F *EG?yMhEwXJ;>myEc9gEGA@KLE
{C+|C ∈
*?
(G)}
EGm8AhE
F 
U[XdmyX·D@m8?y;@EGY_s
• J(FG)
;hU[X 4U[w:[DhXM:[A

k\U[;>m8p7UW?	=@Ah;
S(FG)
;@EGFc<:<MpLEG?	ZL:[A
FG
s
• U(FG)
;>myEPm8A@hEGm8YMEGA@K7Fd=@e@eﬀEQZL:[A
FG
6
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³­AC;>myEwXMEG H\DhXMM@A@m8YdYJXrEGm
G
EGm8AhEbcFd=@e@eﬀE76
ﬂ
"34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  (!()(> 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 0
%m8Ah;
M1
=@Ah;
M2
vw*EGm
FG 
9ﬂ:<;>=@?8A/s'XM: *EGFM;@EGA UW=hr ;>myE
F 
tuEGp<YM:[FdFrqW=@E
M1 ⊗F M2
=@Ah;
HomF (M1,M2)
vw=
FG 
9ﬂ:<;>=@?8A m8Y
g(m1 ⊗ m2) = gm1 ⊗ gm2
XM:myE
(gf)(m1) = gf(g
−1m1)
±B@FJUW?8?yE
g ∈ G, m1 ∈M1, m2 ∈M2
=@Ah;
f ∈ HomF (M1,M2)
6
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5
TVEGF*\[FdefEGF
F
m8FM;©vw=©EGm8AhEG
FG 
9g:%;>=@?fm8Y
gα := α
±B@F UW?8?yE
g ∈ G, α ∈ F
6 m8F'AhEGA@AhEGAºm8@Aº;@EGA
$1ﬀ5# FG 
9g:<;>=@?=@Ah;ﬂZLEGFd·EGAh;@EGA EGmyXdYO;>myE<r@FMEGm8D4*EGmyXrE
FG
:%;@EGFOEGm8A>,U[MmyEw;@EGF
F
6ﬀ¹hEGFdAhEGF
DﬀEGv_EGmyM@AhEGAºm8F*;@EGA·?y:<MpZL:[A
FG
s4*EG?yrhEGF·;@EGA©YdFdm8Z%mlUW?yEGAº9ﬂ:<;>=@?
FG
EGA4Yd0qW?8Y_s>UW?yX';@EGA @
ﬁ, 	DCﬀ5
'3
ZL:[A
FG
6
%m8Ah;
M
EGm8A
FG 
9ﬂ:<;>=@? =@Ah;
r ∈ N∗
s>XM:m8FM;CUW=hr;@EGF
F 
tuEGp%YM:[FdFrUW=@
∧rM vw=CEGm8AhEG FG  9g:%;>=@?
m8Y
g(m1 ∧ . . . ∧ mr) := (gm1 ∧ . . . ∧ gmr)
±B@FQUW?8?yE
m1, . . . ,mr ∈ M, g ∈ G
6	³­AhXdDﬀEwXM:[Ah;@EGFMEmyXdY∧rM = 0 s_UW?8?yX r > dimF (M) myXdY_6H\=!LEGFM;@EG m8FM; ∧0M UW?yX ;@EGF	YdFdm8Z<mlUW?yE FG  9g:<;>=@? FG UW=>¡KLE ,U[XMXdY_6
³ XdY
H
EGm8AhEP·EGm8YMEGFME|bcFd=@e@eﬀE7s@=@Ah;CXMm8Ah;
M
EGm8A
FG 
9g:%;>=@?/=@Ah;
N
EGm8A
FH 
9ﬂ:<;>=@?,shXM:m8FM;;hU[X qW=

!LEGFME 

EGAhXM:[Fde@FM:<;>=@p%Y
M ⊗F N
vw=EGm8AhEG
F [G×H] 
9g:<;>=@?/m8Y
(g, h)(m ⊗ n) = gm⊗ hn
¡B@F\UW?8?yE
m ∈M, n ∈ N, g ∈ G, h ∈ H
6ﬃ m8FIZLEGFd·EGAh;@EGAm8A;>myEwXMEG ¹ÀUW?8?aUW=hMg;>myEO\:[YrUWYdmy:[A
M N
6
¹ B@F'odEw;@EGA
FG 
9ﬂ:<;>=@?
M
myXdYcUW=hr
M∗ := HomF (M,F )
EGm8A
FG 
9g:%;>=@? m8Y
(gf)(m) = f(g−1m)
¡B@F UW?8?yE
g ∈ G, m ∈ M, f ∈ M ∗
6  m8FºAhEGA@AhEGA ;>myEwXrEGA ;@EGA vw=
M /1,=1ﬀ5#  
/1,-ﬀ
6*³­ ¹ÀUW?8?
M ∼= M∗
hEGm !7Y
M % ﬀ C3%(4/ﬁ, ﬁﬀ
6J9ﬂm8Y;>myEwXMEGA  EGv_EGmyM@A%=@A@KLEGAK7m8?8YgUW=!LEGFM;@EG
(M∗)∗ ∼= M
=@Ah;
HomF (M1,M2) ∼= M2 ⊗F M
∗
1
¡B@F
FG 
9g:%;>=@?8A
M,M1,M2
6
¹ B@F'odEw;@EwX
g ∈ G
s4o¼Ew;@E

A%YMEGFdK7Fd=@e@efE
H
ZL:[A
G
=@Ah;odEw;@EGA
FH 
9ﬂ:<;>=@?
N
m8FM;
g ⊗FH N
vw=#EGm8AhEG
F [gHg−1] 
9g:%;>=@?@m8Y
(ghg−1)(g⊗n) = g⊗hn
¡B@FuUW?8?yE
h ∈ H, n ∈ N
6  m8FuXMEGYdv_EGA gN := g⊗FHN
=@Ah;AhEGA@AhEGACm8@AﬂEGm8AhEGACvw=
N B
1#,1.ﬁ4#
9g:<;>=@?,6
uXXMEGmyEGA
M
EGm8A
FG 
9g:<;>=@?,s
H
EGm8AhE

A%YMEGFdK7Fd=@e@efEVZL:[A
G
=@Ah;
N
EGm8A
FH 
9ﬂ:<;>=@?,6>TVUWA@A ZLEGFd·EGAh;@EGA
m8FcEGmyXdYc;>myE<M@FMEGm8D%*EGmyXME
ResGH(M)
¡B@Fc;>myE|m8AhXMr@FrqWA@p%=@A@K ZL:[A
M
UW=>
FH
XM:myE
IndGH(N)
¡B@F
;>myEO³­Ah;>=@p%Ydmy:[AZL:[A
N
A0U[M
FG
6
9ﬂm8YI;>myEwXMEGA EGv_EGmyM@A%=@A@KLEGAgEGFd0UW?8YMEGAﬂm8F
 
 0   
A

2
89 8< 
5

-
A
-: GHG
8
H1 

H2
*@'ﬃ
G
# 
5 H2 ≤ H1  FG B 
'
.ﬂ

M,M1,M2 
FH1 B
'
 ﬂ

N,N1, N2 
 
FH2 B 
'
.ﬂ L 
!
ﬁ
E
A

ﬂ 5



ResH1H2(Res
G
H1(M)) = Res
G
H2(M)
ResGH1(M1 ⊕M2) = Res
G
H1(M1)⊕Res
G
H1(M2)
ResGH1(M1 ⊗F M2) = Res
G
H1(M1)⊗F Res
G
H1(M2)
ResGH1(M
∗) = (ResGH1(M))
∗.


IndGH1(Ind
H1
H2
(L)) ∼= IndGH2(L)
IndGH1(N1 ⊕N2)
∼= IndGH1(N1)⊕ Ind
G
H1(N2)
IndGH1(N
∗) ∼= (IndGH1(N))
∗
dimF (Ind
G
H1(N)) = |G : H1| · dimF (N).
 

ﬃ¼²  L
	
   
H1 

H2
ﬀ
5

-
A
- GHG
+*@'ﬃ
G 

N
$
FH1 B 
'
 ﬂ?
!
ﬁ
4
A

ﬂ 5

ResGH2(Ind
G
H1(N))
∼=
⊕
H2gH1∈H2\G/H1
IndH2
H2∩gH1g−1
(ResgH1g
−1
H2∩gH1g−1
(gN)).
 
 08¯
 ﬀ 1/Àﬁ "!ﬀ.+G¿ ﬀ /0
3 "ﬁ	
 "
H
ﬀ
5

-
A
-: GHG
 *,'ﬃ
G  M
$
FG B
'
 ﬂﬀ

N

FH B 
' 
.ﬂ6
!
ﬁ
4 7
5
M ⊗F Ind
G
H(N)
∼= IndGH(Res
G
H(M)⊗F N).
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2- ﬁ
7
/1 ﬁ.2
A
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/13ﬂ
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
 M
8$ 
-:-
0

>8
2ﬂ

- G-
' 
5
*,
- FG B 
'
 ﬂ

Z(G)

ﬁ
 8
5(-:
# *,'ﬃ
G 
!
ﬁ
E
A

ﬂ 5

5

5

dimF (M)
|G : Z(G)| 

F$

³¦ ¹0UW?8?
char(F ) = 0
K7m8?8Y;>myE  EG0UW=@e@Yd=@A@K A0U[M JSj7jL¦sVnFM:[e/65<6  m8FgpL[A@AhEGA ;hUWhEGF
char(F ) = p > 0
UWA@AhEG@EGA/6 TPUWA@A E>myXdYdmyEGFdYºXMYMEGYMXEGm8A ZL:[?8?yXdYrqWAh;>m8KLEGF;>myXdp%FMEGYMEGFº EG*EGFdYd=@A@KLXdFdm8A@K
R
m8YcU <m8UW?yEG¸³ ;@E_UW?
(pi)
=@Ah;#x\=h:[YdmyEGA%YMEGA@pL[FdefEGF
K
;@EGF *0UWFrUWp<YMEGFdmyXdYdm8pg~>sÀXM:©;hU[XrX
F = R/(pi)
K7m8?8YQ=@Ah;
K
EGm8A fEGF¼,qW?8?8=@A@KLXdpL[FdefEGF¡B@F
G
myXdY_6/T6 /68s@odEw;@EGFQm8FdFMEw;>=@vwm8D@?yE
KG 
9ﬂ:<;>=@?'myXdYUWDhXM:[?8=@YQm8FdFME

;>=@vwm8DﬀEG?,6	¹hEGFdAhEGF|E<myXdYdmyEGFdYEGm8A e@Fdm8m8Ydm8ZLEwX³ ;@EGeﬀ:[YMEGA4Y
e
m8A
FG
m8Y
M = FG · e
s	=@Ah; ;>myEwXMEwXQ?lq[XMXdY
XdmyrA0U[M *0UWFrUWp<YMEGFdmyXdYdm8p~hEGDﬀEGA/60TPU[XIDﬀEw;@EG=@YMEGY_sfEwXJE>myXdYdmyEGFdY\EGm8Aﬂe@Fdm8m8Ydm8ZLEwXc³ ;@EGeﬀ:[YMEGA4Y
ε
m8A
RG
m8Y
e = ε¯ := ε + (pi)RG
6 uXcmyXdYVUW?yXr:
M˜ := RG · ε
EGm8A#e@FM:WodEGp%Ydm8ZLEGF
RG 
9g:%;>=@? m8Y
M˜/piM˜ ∼= M
UW?yX
FG 
9ﬂ:<;>=@?8A/6 TPU
M
m8FdFMEw;>=@vwm8DfEG?VmyXdY_s'myXdYºUW=hr ;@EGF
KG 
9g:%;>=@?
K ⊗R M˜
m8FdFMEw;>=@vwm8DfEG?,6 ¹hEGFdAhEGF
K7m8?8Y
dimK(K ⊗R M˜) = rkR(M˜) = dimF (M)
6 À=hXrUWEGAm8Y JSj7jL¦snFM:[e/65gEGFd0UW?8YMEGAm8FA4=@A
XMr@?8myE !7?8myM
dimF (M)
|G : Z(G)| 6
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G
EGm8AhEQbcFd=@e@eﬀE76
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ﬀ
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5 E : 0 −→ L −→ N −→ M −→ 0
 
 -
>@ 
Hﬁ

5

C
 

8 > *@'ﬃ
FG B
'
 ﬂ
 # 
5
3
-
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A
8&
/1 ﬁ

5

ﬁ
:ﬃ 
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Hﬁ

5

C
 

 >
0 −→ ResGH(L) −→ Res
G
H(N) −→ Res
G
H(M) −→
0
*@'ﬃ
FH B 
'
.ﬂ
 > 
-
 
ﬂ$ﬂ 5
8' > 
-
 
ﬂ$ﬂ 5ﬁ) /1 E 
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5 E ′ : 0 −→ M −→ N −→ L −→ 0
 
 -
>@;
3ﬁ

5

C
 

 >9*,'ﬃ
FG B 
'
.ﬂ
 # 
5
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A
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/1 ﬁ

5

ﬁ
:ﬃ 
 -
>@ 
Hﬁ

5

C
 

 >
0 −→ ResGH(M) −→ Res
G
H(N) −→ Res
G
H(L) −→
0
*@'ﬃ
FH B 
'
.ﬂ
 > 
-
 
ﬂ$ﬂ 5
8' > 
-
 
ﬂ$ﬂ 5ﬁ) /1 E ′ 
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5 M | IndGH(Res
G
H(M)) 
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{g1, . . . , gn}

-
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2

ﬂ?ﬁ
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G

ﬁH/81 H



B

5
<
-5

f ∈ EndFH(M)
# 
5
TrGH(f) :=
n∑
i=1
gif = idM .
!
ﬁ32
8
1
 
5
ﬃ 
22

ﬂ


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A
TrGH : EndFH(M) −→ EndFG(M) ﬀﬂﬁ
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bVEGKLEGDﬀEGAhEGA>UW?8?yXJhEGm !7YJ;@EGF
FG 
9g:%;>=@?
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ﬂ
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ﬃ

U  ¹ B@F
H := {1}
Xdm8Ah;#;>myEFMEG?lUWYdm8Z
H 
e@FM:WodEGp%Ydm8ZLEGA
FG 
9ﬂ:<;>=@?8AKLEGA0UW= ;>myE
e@FM:WodEGp<Ydm8ZLEGA
FG 
9g:%;>=@?8A/6
±D TcmyE
µ¶
=@m8Z[UW?yEGA@v;@EGFPH\=hXMXrUWKLEGA ±m J=@Ah; ±m8m Im8A:[D@m8KLEG >UWYdvv_EGm8K7YQUW=hr/s ;hU[XMXV;>myEe@FM:Wo¼EGp<Ydm8ZLEGA
FG 
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<:[m8YE>myXdYdmyEGFdYvw= UW?8?yEGA
x¯, y¯ ∈ I
EGm8A
α(x¯, y¯) ∈ F×
m8Y
ux¯uy¯ = α(x¯, y¯)uxy
6³ XdY
z¯
EGm8A*EGm8YMEGFMEwX
?yEGEGA%YcUW=hX
I
s@XM:EGFd0UW?8YMEGACm8F
α(x¯, y¯)α(xy, z¯)uxyz = α(x¯, y¯)uxyuz¯ = ux¯uy¯uz¯ = ux¯α(y¯, z¯)uyz = α(y¯, z¯)α(x¯, yz)uxyz .
TcmyEwXv_EGm8K7Y_sh;hU[XMXJ;>myEOHJD@D@m8?y;>=@A@K
α : I × I −→ F×, (x¯, y¯) 7→ α(x¯, y¯)
EGm8A¹0UWp<YM:[FMEGAhXd<XMYMEG myXdY_6
H\Ah;@EGFMEGFMXMEGm8YMXDﬀEwXdYMEG4Y
U(E)∩Ex¯
KLEGA0UW=UW=hX;@EGA?yEGEGA%YMEGAﬂ;@EGF¹h:[Fd
vx¯ = ϕ(x¯)ux¯
¡B@F EGm8A
ϕ(x¯) ∈
F×
6@¹h:[?8K7?8myrﬂmyXdY
vx¯vy¯ = ϕ(x¯)ux¯ϕ(y¯)uy¯ = ϕ(x¯)ϕ(y¯)α(x¯, y¯)uxy = ϕ(x¯)ϕ(y¯)α(x¯, y¯)ϕ(xy)
−1vxy
¡B@F UW?8?yE
x¯, y¯ ∈ I
6 H\=>Q;>myEwXME  EGmyXMEgEGFd0UW?8YMEGA m8FCUW?yXM: EGm8A ¹0UWp<YM:[FMEGAhXd<XMYMEGCs*·EG?yMhEwXCXMmyM ZL:[A
α
A4=@F=@EGm8A ?yEGEGA%Y|UW=hX
B2(I, F×)
=@A4YMEGFMXMrhEGmy;@EGY_6 TVEGvw=>:[?8KLEDﬀEwXdYdm8QY
E
KLEGA0UW= EGm8A?yEGEGA4Y
α¯ = αB2(I, F×) ∈ H2(I, F×)
6
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>8
2ﬂ

-ﬀG-
'  
5
$*,
- E B

/1.5
:#9'
.ﬂ6
!
ﬁ
4
A

ﬂ 5 |I|p
dimF (L)|I | 
F '
2
8
|I |p
ﬃ
1
ﬂ
/1

5

p B

'
5
 >  

ﬃ
|I | 5

ﬂ 5 

F$

cU[r ;@EGÄZL:[Fdm8KLEGA /EGU DfEwXdYdm8Y
E
KLEGA0UW= EGm8A
α¯ ∈ H2(I, F×)
6*cU[r  EGEGFdp%=@A@K
R>6 h685#myXdY ;>myE

FM;>A4=@A@K
n
ZL:[A
α¯
A@myM%YC;>=@FMM
p
YMEGm8?8D0UWF_s =@Ah; m8F pL[A@AhEGA UW=hM UWA@AhEG@EGA/sI;hU[XMX
α¯ = αB2(I, F×)
m8Y
α ∈ Z2(I, F×)
=@Ah;
|〈α〉| = |〈α¯〉| = n
K7m8?8Y_6fVU[M#·EGEGFdp<=@A@KCR>6 h685E>myXdYdmyEGFdY
XM:[m8YJEGm8AhEVv_EGA%YdFrUW?yE|bcFd=@e@eﬀEGAhEGFd*EGm8YMEGFd=@A@K
1 −→ Z
ε
−→ Î
ν
−→ I −→ 1,
*:[DﬀEGm
Z
EGm8AhEQvw<p%?8myXrMhEbcFd=@e@efE|;@EGF

FM;>A4=@A@K
n
myXMY_60¹hEGFdAhEGFPE>myXdYdmyEGFdYcEGm8Age@Fdm8m8Ydm8ZLEwXV³­;@EGeﬀ:[YMEGA4Y
e
m8A;@EGFbcFd=@e@eﬀEGA0UW?8KLEGD@FrU
Fε(Z)
m8Y
eF Î ∼= E
6ﬀTVEwXd*EGKLEGApL[A@AhEGA m8FcA%=@A ;@EGA
E 
k\EwM4YMXM:%;>=@?
L
ZLEGFd[KLEº;@EwXQe@m8:[Fde@@myXd=hX
F Î −→ eF Î ∼= E
UW=hMiUW?yXQm8FdFMEw;>=@vwm8D@?yEGA e@FM:Wo¼EGp<Ydm8ZLEGAk\EwM%YMXd:%;>=@?
¡B@FI;>myEbcFd=@e@eﬀEGA0UW?8KLEGD@FrU
F Î
UW=ﬃ/U[XMXMEGA/6@TPUWhEGFIK7m8?8YJA0U[M#>UWYdvQR>6SR>685_~ ±m8m ·EGm8AhEGFMXMEGm8YMX
|I |p = |I|p|Z|p = |Î|p
dimF (L).
H\Ah;@EGFMEGFMXMEGm8YMXImyXdYA0U[rg>UWYdvR>68576S^UW=hr
dimF (L)
|Î : Z(Î)||Î : ε(Z)| = |I |,
*:[FrUW=hX\XMM@?8myE !7?8myrg;>myEP EG0UW=@e@Yd=@A@Kº;@EwX /EGU[XI¡:[?8K7Y_6
 
¯

½

  
D
 
-:-
0

>8
2ﬂ

- FG B

/1.5
# ' 
.ﬂ
# 
5
=4
-85

 Q 
 


ﬂﬂ

W 

-

-
 8
V
3
-

-


B
 '
-:-
:
G
'ﬃ38
5
*@'ﬃ
D

H := NG(Q) 
!
ﬁ
4
A

ﬂ 5

|H : Q|p
 dimF (V )dimF (W )
|H : Q|.


-
 0.:
n ∈ N∗

np

ﬁ32
)<
1
ﬂ
/81

5

p B

'
5
 >

ﬃ
n 5

ﬂ 5 

F$

cU[r JS{7j(L¦s

@C6@tV³M³ 6S>6S{K7m8?8YIvw=@A0q[MhXdY
ResHQ (V )
∼= k(W1 ⊕ · · · ⊕Wm).
TPUWDfEGm>Xdm8Ah;
k ∈ N∗
=@Ah;
W = W1, . . . ,Wm
e0U7UWFd*EGmyXME A@myr4YdmyXM:[:[Fde@hE7sL=@A@v_EGFd?yEGK7D0UWFME
FQ 
kJEwr4YMXd:

;>=@?8Am8Y
Wi ∼= W
hi
¡B@F
i = 1, . . . ,m
=@Ah;e0U[XrXMEGAh;@E
h1, . . . , hm ∈ H
6  EGm8YMEGFuDﬀEGv_EGmyM@AhEGAm8F'UWA0UW?y:[K
vw=:[D@m8KLEGFJ EGEGFdp<=@A@Km8Y
I
;>myE

FrqWK7hEGm8YMXdK7Fd=@e@eﬀEOZL:[A
W
m8A
H
6@TVUWA@AmyXdY
m = |H : I|
6
TPU
W
A0U[rtu:[FrUW=hXrXMEGYdvw=@A@KPEGm8AhE x\=hEG?8?yE·ZL:[A
V
myXdY_s_K7m8?8Y *EGm8YMEGF
V | IndHQ (W )
6 VU[M JS{7jL¦s

@C6tV³M³ 6S>6Sj
E>myXdYdmyEGFdYVKLEGA0UW=hEGFVEGm8A#=@A@v_EGFd?yEGK7D0UWFMEGFQ;>m8FMEGp<YMEGFQ%=@UWAh;
U
ZL:[A
IndIQ(W )
m8Y
V ∼= IndHI (U)
6ﬀ³¦AhX

DﬀEwXM:[Ah;@EGFMEVmyXdYIUW?yXM:
dimF (U) = k dimF (W )
60<EGYdv_EGAm8FA%=@A
E := EndFI(Ind
I
Q(W ))
s@XM:EGA4YMXde@Fdmyr4Y
U
Z%mlU¹ m8YdYdm8A@K7pL:[FdFMEwXdeﬀ:[Ah;@EGA@vEGm8AhEG D@myXVUW=>'³ XM:[:[Fde@@myEQEGm8Ah;@EG=@Ydm8K DﬀEwXdYdm8QYMEGAg=@A@v_EGFd?yEGK7D0UWFMEGA#e@FM:

odEGp%Ydm8ZLEGA
E 
kJEwr4YMXd:<;>=@?
eE
6·TPUWDfEGmcmyXdY
e
EGm8A e@Fdm8m8Ydm8ZLEwX³ ;@EGef:[YMEGA%Y©m8A
E
s*=@Ah;
U
myXdYUW?yX
FI 
kJEwr4YMXd:<;>=@?	vw=
e IndIQ(W )
myXM:[:[Fde@/6
 m8F|ZLEGFd·EGAh;@EGAmyEw;@EGF;>myE ·EGv_EGmyr@A4=@A@KLEGA UW=hX|:[D@m8KLEGF EGEGFdp<=@A@Kh6TPUWA@A myXMY
E
UW?yXM:#EGm8AhE ;>=@FMM
I := I/Q
K7FrU[;>=@myEGFdYME
F 
H\?8KLEGD@FrU ;@EGF
F 
Tcm8EGAhXdmy:[A
|I |dimF (E1)
s*=@Ah;
E := E/J(E1)E
myXdYºEGm

AhE#ZLEGFMXMr@FrqWA@p%YMEbVFd=@e@efEGA0UW?8KLEGD@FrU;@EGF
F 
Tcm8EGAhXdmy:[A
|I|
6¹hEGFdAhEGFCmyXdY;@EGF
E 
k\EwM4YMXM:%;>=@?
eE :=
eE/eEJ(E1)
UW=hM©=@A@v_EGFd?yEGK7D0UWF'e@FM:WodEGp%Ydm8Z|=@Ah;A0U[r J 4z(L¦s7kJEGC6L{>6SROXM:[K4UWFm8FdFMEw;>=@vwm8DfEG?,6%¹h:[?8K7?8myM©Q=hXMX
|I|p
dimF (eE)|I| A0U[M /EGUR>6 h6 KLEG?8YMEGA/6
 m8FPDfEGYdFrU[r4YMEGA A%=@A ;@EGA
E 
 m8A@p>Xd:<;>=@?
E ⊗E1 W = Ind
E
E1(W )
6 TcmyEwXMEGFPm8FM;#ZLEGFd[KLE¡:[?8KLEGAh;@EGF
J:[AhXMYdFd=@p%Ydmy:[AgXM:[K4UWFIEGm8A
E  FI 
*m8:<;>=@?
uXXMEGmyEGA
w ∈ W
s
x ∈ I
=@Ah;
ux : W ⊗ 1 −→ W ⊗ x
EGm8A
FQ 
³ XM:[:[Fde@@myXdQ=hXmyEm8A :[D@m8KLEGF| E

EGFdp<=@A@Kh6ﬁ EGm8YMEGFcXMEGm
ux¯
;@EGF\EGA4YMXMe@FMEwMhEGAh;@E
FI 
H\=@YM:[:[Fde@@myXdQ=hXVZL:[A
IndIQ(W )
6f<EGYdv_EGAgm8F\;hUWA@A
(f ⊗ w)x := fux¯ ⊗ u
−1
x¯ (w ⊗ x)
¡B@FPUW?8?yE
w ∈ W, x ∈ I
=@Ah;
f ∈ E
sﬀXM:ºm8FM;
E ⊗E1 W
vw= EGm8AhEG
FI 
k\EwM%YMXd:%;>=@?,6À³­XMYvw=hXrqWYdvw?8myM
f ′ ∈ E
shXM:K7m8?8YEGFdAhEGF
f ′[(f ⊗ w)x] = f ′[fux¯ ⊗ u
−1
x¯ (w ⊗ x)] = f
′fux¯ ⊗ u
−1
x¯ (w ⊗ x) = (f
′f ⊗ w)x = [f ′(f ⊗ w)]x,
  
	  

 

 
	


 

RW
XM:;hU[XMXUW?yXM:
E ⊗E1 W
UW=>a;>myEwXME  EGmyXMEVYrUWYMX q[M@?8myMﬂEGm8A
E  FI 
·m8:<;>=@? m8FM; 6@³¦A:[D@m8KLEGF EGEGFdp%=@A@K
0UWDﬀEGA m8F|UW=hrKLEwXrEGhEGA/sa;hU[XMX
IndIQ(W ) = W ⊗FQ FI
EGm8A
E  FI 
·m8:<;>=@?*=@Ah;
W
EGm8A
E1  FQ 
·m8:%;>=@?aXdm8Ah; 6>tuEGFd[KLEQ;@EGFJH\D@D@m8?y;>=@A@K
E ⊗E1 W −→W ⊗FQ FI, f ⊗ w 7→ f(w ⊗ 1)
EGFd0UW?8YMEGA m8FA0U[r J 4zL¦snFM:[e/6I57685EGm8AhEGA ³­Xr:[:[Fde@@myXdQ=hXZL:[A
E  FI 
·m8:<;>=@?8A/su=@Ah;i*EGKLEGA
U ∼=
e IndIQ(W )
myXdYI;hUWA@AﬂUW=hMg;>myEPHJD@D@m8?y;>=@A@K
eE ⊗E1 W −→ U, ef ⊗ w 7→ ef(w ⊗ 1)
EGm8A³ XM:[:[Fde@@myXd=hXIZL:[A
FI 
kJEwM%YMXd:<;>=@?8A/6
TPU
eE
EGm8Age@FM:WodEGp<Ydm8ZLEGF
E 
k\EwM%YMXd:%;>=@?myXMY_s0myXdYVEGFPUW=hMEGm8Aﬂe@FM:WodEGp<Ydm8ZLEGF
E1 
k\EwM4YMXM:%;>=@?=@Ah;ﬂm8AhX

DﬀEwXM:[Ah;@EGFMEJEGm8A±FMEGmyEGF
E1 
kJEwr4YMXd:<;>=@?,s<;@EGA@A
E1
myXdYuA0U[M :[D@m8KLEGF ·EGEGFdp<=@A@KEGm8AhEJ?y:[p[UW?yE
F 
HJ?8KLEGD@FrU>6
<:[m8YImyXdY
eE ∼= rE1
±B@FIEGm8A
r ∈ N∗
6@TVEGvw=>:[?8KLEQEGFd0UW?8YMEGACm8F
k dimF (W ) = dimF (U) = dimF (eE ⊗E1 W ) = dimF (rE1 ⊗E1 W )
= r dimF (E1 ⊗E1 W ) = r dimF (W ).
TcmyEwXv_EGm8K7Y_s;hU[XMX
k = r = rkE1(eE) = rkE1(eE) = dimF (eE)
K7m8?8Y_6'<:[m8YmyXMY
k
;>myE Tcm8EGAhXdmy:[A
;@EwXm8FdFMEw;>=@vwm8D@?yEGA
E 
k\EwM%YMXd:%;>=@?yX
eE
su=@Ah;A0U[r :[D@m8KLEGA JDﬀEGFd?yEGK7=@A@KLEGA myXdY
|I : Q|p
k|I : Q| 6
9ﬂ=@?8Ydm8e@?8m8p[UWYdmy:[Ag;>myEwXMEGF\bc?yEGmyM%=@A@K©m8Y
|H : I|
?8myE EGFdYJXMr@?8myE !7?8myM
|H : Q|p
k|H : I| = dimF (V )dimF (W )
|H : Q|.
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
ﬂ 5
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-0ﬁﬃ
  
5
>


A
 .:*@'
-

A

Cﬁ)5
>@:
 

-

-

Q ≤ K ≤ H
# 
5
|K : Q| 6≡ 0 (mod p) 
 : 8
ResHK(V )


 >@
-ﬂ

A
20ﬁﬃ-

- FK B

/81.5
:#9'
 ﬂ6
!
ﬁ
4 $
5 Q

p BCD,ﬂ
'ﬃF
A
- GHG
 *@'ﬃ
G 

F$

uXmyXdYmyEw;@EGF
ResHQ (V ) = Res
K
Q (Res
H
K(V ))
∼= s(W1 ⊕ · · · ⊕Wn)
m8Y
s ∈ N∗
=@Ah;e0U7UWFd·EGmyXMEcA@myM%YdmyXM:[:[Fde@hEGAC=@A@v_EGFd?yEGK7D0UWFMEGA =@Ah;m8A
K
pL:[A[o¼=@K7myEGFdYMEGA
FQ 
kJEwr4YMXd:

;>=@?8A
W = W1, . . . ,Wn
6uTPUWDﬀEGmmyXdY@myEGF
n = |K : L|
su*:[DﬀEGm
L
;>myE

FrqWK7hEGm8YMXdK7Fd=@e@eﬀECZL:[A
W
m8A
K
DfEGv_EGmyr@AhE76  myE m8Ä·EG·EGmyX;@EwXZL:[Fdm8KLEGA >UWYdv_EwXEGFd0UW?8YMEGA m8F_s';hU[XMX
s
K7?yEGmyr ;@EGF
F 
Tcm8EGAhXdmy:[A
EGm8AhEwXe@FM:Wo¼EGp<Ydm8ZLEGAm8FdFMEw;>=@vwm8D@?yEGAi9g:%;>=@?yXQ±B@F;>myEZLEGFMXMr@FrqWA@p%YMEbcFd=@e@eﬀEGA0UW?8KLEGD@FrU
E
myXdY_6	TVUWDﬀEGm*XrEGmyEGA
E := EndFL(Ind
L
Q(W ))
sf*EG?yrhEEGm8AhE
L/Q 
K7FrU[;>=@myEGFdYME
F 
H\?8KLEGD@FrUºmyXdY\=@Ah;
E = E/J(E1)E
sﬀ*:[DﬀEGm
E1
;>myE5

\:[ef:[AhEGA%YMEQZL:[A
E
m8%m8A@AhEPZL:[A EGEGFdp<=@A@K©R>6 h6SRDﬀEGv_EGmyM@AhE76ﬀ<:[m8YIK7m8?8Y
|L : Q|p
s|L : Q|
A0U[M /EGUgR>6 h6 h6aTPU A0U[rtu:[FrUW=hXrXMEGYdvw=@A@K
p - |K : Q|
myXMY_s/Xdm8Ah;UW=hr
|L : Q|
=@Ah;
|K : L|s =
dimF (V )/dimF (W )
A@myr4Yc;>=@FMM
p
YMEGm8?8D0UWF_6hcU[rg>UWYdvR>6 h6S^|:[?8K7YA4=@A
p - |H : Q|
60TcEGA0U[rmyXdY
Q
EGm8AhE
p 
%<?y:_K7Fd=@e@eﬀEOZL:[A
H = NG(Q)
=@Ah;C;hUWhEGF\UW=hrﬂEGm8AhEPZL:[A
G
6
  
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- ﬁﬃ
FG 

uXIXrEGmyEGACmyEw;@EGF
G
EGm8AhEbVFd=@e@efEV=@Ah;
F
EGm8AJ[FdeﬀEGFJ;@EGF *0UWFrUWp<YMEGFdmyXdYdm8p
p > 0
6
ﬂ   
  
½
	 
U < m8F|pL[A@AhEGAi;>myEbcFd=@e@eﬀEGA0UW?8KLEGD@FrU
FG
XMYMEGYMX|UW?yX9g:%;>=@?'±B@F;>myE bVFd=@e

eﬀEGA0UW?8KLEGD@FrU
F [G×G]
UW=ﬃ/U[XMXMEGA/s>m8Ah;@EG m8F
(g1, g2)a := g1ag
−1
2
¡B@F\UW?8?yE
g1, g2 ∈ G, a ∈ FG
XMEGYdv_EGA/60HJ=>;>myEwXME  EGmyXMEQEGA4YMXde@FMEwrhEGAg;>myEO³ ;@E_UW?yEVZL:[A
FG
KLEGFrU[;@E
;@EGA
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